To prospectively evaluate the association between clinical features and structural abnormalities found at magnetic resonance (MR) imaging in patients with osteoarthritis (OA) of the knee.
O steoarthritis (OA) of the knee is a major cause of disability among the aging population of the industrialized world. A major hallmark of OA is loss of cartilage. The exact cause of knee pain in patients with OA remains enigmatic because hyaline cartilage does not contain pain fibers and, as such, cannot be the direct cause of pain in OA. Pain fibers are present in other structures in the knee, such as the joint capsule, periosteum, insertional sites of ligaments and muscles, outer third of the menisci, and, possibly, the synovium (1, 2) , but their role is uncertain.
Radiographs remain the usual means for assessment of osteoarthritic changes in the knee and their association with clinical features, such as knee pain. The association between findings of OA on radiographs and clinical features, however, is poor (3) . Magnetic resonance (MR) imaging allows another perspective of the structural abnormalities associated with OA, and MR imaging findings have been associated with clinical features, which include knee pain. Reported findings include the association between knee pain and MR imaging findings, such as joint effusion and synovial thickening (4), bone marrow edema (5), osteophytes (6, 7) , minimal cartilaginous lesions (8) , alterations in volume of patellar cartilage (9) , and periarticular lesions, which include bursitis and iliotibial band syndrome (10) .
Controversy remains about the cause of knee pain in patients with OA. Findings in prior studies indicate that there is a poor association between knee pain and defects of cartilage; however, results in other studies indicate that there is an association between the two (9) . Bone marrow edema was associated with clinical symptoms in the study of Felson et al (5) , whereas this association was not found in the study of Link et al (8) .
In most studies, knee pain was associated with only one structural abnormality or a limited number of them; furthermore, most of the studies have been based on small population samples (8) . Thus, the purpose of our study was to prospectively evaluate the association between clinical features and structural abnormalities found at MR imaging in patients with OA of the knee.
Materials and Methods
Pfizer, Groton, Conn, provided financial support for this work; however, authors who are not employees of Pfizer had control of inclusion of all data and information that might present a conflict of interest for Pfizer employees.
Patients
Written informed consent was obtained from each patient. This study was approved by the medical ethics review board of Leiden University Medical Center, Leiden, the Netherlands.
The present prospective study is part of the ongoing Genetics, Osteoarthritis and Progression study (11) . The primary goal of the Genetics, Osteoarthritis and Progression study is the identification of genetic susceptibility determinants to OA and disease progression in patients aged between 40 and 70 years who have generalized OA. Patients who received a diagnosis determined by rheumatologists, orthopedic surgeons, and general practitioners were informed of the ongoing study by mail. Interested probands were mailed a questionnaire about demographic data, medical history, symptoms and signs of OA, and family history of OA. Subsequently, eligible probands were requested to introduce a sibling "with joint complaints" to the study. Between August 2000 and March 2003, 105 sibling pairs were included in the Genetics, Osteoarthritis and Progression-MR Imaging study. Probands and siblings were required to have symptomatic OA in at least two or more of the following joint sites: hands, spine (cervical or lumbar), knees, or hips. All sibling pairs who fulfilled the criteria were included (210 patients). In this study, 35% (71 of 205) of the patients had symptomatic OA of the knee, and it was defined as pain or stiffness on most days of the prior month at study entry and the presence of osteophytes on radiographs. Radiographic evidence of OA of the knee, defined as a Kellgren and Lawrence score of greater than grade 1, was diagnosed in 47% (97 of 205) of the patients (12) . Because the purpose of the MR imaging study was to assess progression of OA, no images were obtained of a knee that already had a maximum Kellgren and Lawrence score of grade 4 (12 
Clinical Assessment
All patients were interviewed and underwent a physical examination by a rheumatologist (N.R.) with 3 years of experience. There was a single question
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Ⅲ A large joint effusion is associated with pain and stiffness of the knee. Ⅲ The presence of an osteophyte in the patellofemoral compartment is associated with pain. 
MR Image Interpretation
All MR images were analyzed in consensus by three readers (P.R.K., R.Y.T.C., and J.L.B., who had 3, 15, and 25 years of experience, respectively) by using a comprehensive score form (13) . During the assessment, the readers were blinded to radiographic results, patient symptoms, and patient age. Cartilaginous defects, osteophytes, subchondral cysts, and bone marrow edema were assigned to one or more of the following anatomic locations: the crista patellae, medial or lateral patellar facets, the medial or lateral trochlear articular facets, the medial or lateral femoral condyles, and the medial or lateral tibial plateau. The medial and lateral menisci were reviewed for the presence of tears and extrusion from the joint line (subluxation). Joint effusion, synovitis, and Baker cysts were noted.
Cartilaginous defects were classified as diffuse or focal. Both coronal and sagittal spin-echo images and sagittal gradient-echo images were used to assess the tibiofemoral cartilage. Transverse turbo spin-echo images and sagittal gradient-echo and spin-echo images were used to assess the patellofemoral cartilage. The surface extent of a diffuse or focal cartilaginous defect was estimated with its maximal diameter and classified as follows: grade 0, absent; grade 1, minimal (Ͻ5 mm); grade 2, moderate (5-10 mm); or grade 3, severe (Ͼ10 mm). The depth of a cartilaginous defect was classified by using a modification of the classification of Yulish et al (14) : grade 0, absent (no abnormality in signal intensity or morphology); grade 1, less than 50% reduction of thickness of cartilage; grade 2, 50% or greater reduction of thickness of cartilage; or grade 3, full-thickness or near full-thickness cartilaginous defect.
Osteophytes were defined as focal bony excrescences that were seen on transverse, sagittal, or coronal images and that extended from a cortical surface. The location of osteophytes was further specified as marginal, intercondylar, or central. A central osteophyte arose from the subchondral bone plate and was surrounded, but not necessarily covered, by articular cartilage. Osteophytes were classified with the following scale: grade 0, absent; grade 1, minimal (Ͻ3 mm); grade 2, moderate (3-5 mm); or grade 3, severe (Ͼ5 mm). The size of the osteophyte was a measurement from the base to the tip (15) . Each compartment (except the crista patellae) was screened for the possible presence of a marginal osteophyte, and only the medial and lateral femoral condyles were screened for the possible presence of an intercondylar osteophyte. Thus, a maximum of 10 marginal and intercondylar osteophytes combined could be counted. Each compartment was screened for the possible presence of a central osteophyte. Thus, a maximum of nine central osteophytes could be counted.
Subchondral cysts were characterized as well-defined foci of high signal intensity on T2-weighted images in the cancellous bone underlying the joint cartilage. Their greatest dimension was measured, and they were classified as follows: grade 0, absent; grade 1, minimal (Ͻ3 mm); grade 2, moderate (3-5 mm); or grade 3, severe (Ͼ5 mm).
Bone marrow edema was characterized as an ill-defined area of increased signal intensity on T2-weighted gradient-echo images in the subchondral cancellous bone that extended away from the articular surface over a variable distance or that was in places where traction edema occurs (16) . The lesions were classified as follows: grade 0, absent; grade 1, minimal (diameter of Ͻ5 mm); grade 2, moderate (diameter of 5 mm to 2 cm); or grade 3, severe (diameter of Ͼ2 cm).
A meniscal tear was defined as a region of intermediate signal intensity on intermediate-weighted images within the meniscus, which communicated with the superior or inferior surface or inner margin of the meniscus on more than one section.
Meniscal subluxation was defined as protrusion over the edge of the tibial plateau on coronal intermediate-weighted images and was classified as follows: grade 0, absent; grade 1, minimal (less than one-third width of the meniscus bulging); grade 2, moderate (one-to twothirds of the meniscal width was involved); or grade 3, severe (more than two-thirds of the meniscal width was involved).
Presence of a knee joint effusion was evaluated on T2-weighted coronal, sagittal, and transverse images. A small physiologic sliver of synovial fluid was not recorded. A small effusion was present when a small amount of fluid distended one or two of the joint recesses, a moderate effusion was present when more than two joint recesses were partially distended, and a massive effusion was present when there was full distension of all the joint recesses. The lateral, medial, and suprapatellar joint recesses were evaluated.
A Baker cyst, or a distended bursa of the gastrocnemius muscle or a bursa of the semimembranosus muscle, was diagnosed when a circumscribed mass with intermediate signal intensity on intermediate-weighted spin-echo images and high signal intensity on T2-weighted dual spin-echo images was observed. This mass originated from the posteromedial tibiofemoral joint space, extended between the tendons of the medial head of the gastrocnemius and the semimembranosus muscles, and dissected caudally, cranially, or both. Bursal distension was classified as minimal, moderate, or severe.
Statistical Analysis
In the cross-sectional analyses, odds ratios (ORs) with 99% confidence intervals (CIs) were used to show the association between the presence or absence of pain and stiffness and the presence or absence of the various osteoarthritic abnormalities. Since multiple tests were performed, a P value of .01 or less was considered to indicate a significant difference. Logistic regression analysis was used to adjust for intrafamily effect and for the most important risk factors of OA: age, sex, and body mass index. Statistical software (Stata, version 7.0; Stata, College Station, Tex) was used for this purpose (P.R.K., M.K., F.R.R.).
Results
The overall characteristics of the patients are shown ( Table 1 ). The frequency distribution of OA lesions in the population in this study showed that cartilaginous defects and osteophytes were the lesions seen most commonly on MR images of the knee (Tables 2, 3 ).
Cartilaginous Defects
No association was found between any of the cartilaginous defects and pain or stiffness (Table 4) . We did not find an association between the subgroup of grade 2 cartilaginous defects and pain (OR, 1.88; 99% CI: 0.50, 7.06; P ϭ .22) or stiffness (OR, 2.06; 99% CI: 0.57, 7.43; P ϭ .14).
Osteophytes
The presence of an osteophyte in the entire knee was not associated with either of the two clinical features of pain and stiffness. The presence of an osteophyte in the patellofemoral compartment was associated with pain only (OR, 2.25; 99% CI: 1.06, 4.77; P ϭ .005). No association between the grade of an osteophyte and knee pain (OR, 1.70; 99% CI, 0.52, 5.50; P ϭ .25) or stiffness (OR, 1.60; 99% CI: 0.52, 4.91; P ϭ .28) was found. There was an association between the number of osteophytes (any grade) and pain when there were more than four osteophytes in the entire knee (OR, 2.80; 99% CI: 1.28, 6.12; P ϭ .001). An association was found between central osteophytes and stiffness in the knee (OR, 2.25; 99% CI: 0.93, 5.41; P ϭ .016); however, the P value was not significant. No association between central osteophytes and knee pain was found (OR, 1.65; 99% CI: 0.67, 4.10; P ϭ .15).
Bone Marrow Edema
Bone marrow edema was not associated with pain or stiffness; in particular, no association was found between the grade (grades 2 and 3) of bone marrow edema and knee pain (OR, 1.13; 99% CI: 0.41, 3.11; P ϭ .76) or stiffness (OR, 1.30; 99% CI: 0.48, 3.55; P ϭ .50). Sixty-four (53%) of 121 patients with knee pain had bone marrow edema in the entire knee, and 38 (45%) of 84 patients without knee, pain had bone marrow edema in the entire knee.
Menisci, Effusion, and Baker Cyst
No association was found between meniscal defects and pain or stiffness, and, in particular, no association was found between lesions of the medial (OR, 1.47; 99% CI: 0.71, 3.08; P ϭ .44) or (Figure) .
The presence of a Baker cyst was not associated with clinical findings. We did not find an association between severe (grades 2 and 3) Baker cysts and pain (OR, 1.90; 99% CI: 0.56, 6.40; P ϭ .17) and stiffness (OR, 1.88; 99% CI: 0.61, 5.76; P ϭ .14).
ORs and CIs did not change essentially when we adjusted the data for intrafamily effect and for the most important risk factors of OA: age, sex, and body mass index.
Discussion
Although different grades and types of structural abnormalities in various anatomic compartments of the knee were comprehensively analyzed and were associated with pertinent clinical features, a remarkably small number of associations were found between the findings on MR images and knee pain or stiffness.
An association between osteophytes and knee pain was found only when an osteophyte was located in the patellofemoral compartment or when more than four (median) osteophytes were present anywhere in the knee. Boegard et al (7) reported an association between osteophytes at the inferior pole of the patella and knee pain. Boegard et al (6) also found an association between knee pain and osteophytes at the medial tibial plateau.
The frequency of central osteophytes in our study was 23% (47 of 205 patients) and, in concordance with data in the literature (15) , almost all central osteophytes (20 of 23 osteophytes) were associated with a full-thickness cartilaginous defect. An association between central osteophytes and knee stiffness was suggested (P ϭ .02), but central osteophytes were not associated with knee pain. These findings also were described in the study of Link et al (8) in which an association between central osteophytes and knee stiffness, but not knee pain, was found.
In our study, we did not find an association between the presence, severity, or frequency of bone marrow edema and pain or stiffness of the knee. These findings are supported by those in studies of Link et al (8) and Sowers et al (17) but are in contrast to results published by Felson et al (5) . In the latter study, 
* The minimum and the maximum signify the minimum and maximum amounts of lesions that can be assigned a score per patient, respectively. it was concluded that bone marrow edema on MR images was strongly associated with the presence of pain in OA of the knee. Felson et al reported findings in 401 patients with radiographically diagnosed OA. Seventy-eight percent of 351 patients with knee pain had bone marrow edema, whereas only 30% of 50 patients without knee pain had bone marrow edema. In our study, 64 (53%) of 121 patients with knee pain had bone marrow edema in the entire knee, and 38 (45%) of 84 patients without knee pain had bone marrow edema in the entire knee. These numbers show a clear disparity in prevalence of bone marrow edema in different populations. In the present study, patients with moderate (Kellgren and Lawrence score of Ͻ4) OA and patients with no radiographically diagnosed OA of the knee but OA in the hands, spine, or hips were included, whereas in the study of Felson and colleagues, patients with more severe radiographically diagnosed OA (Kellgren and Lawrence score of 2-4) were included. Another association found between structural abnormalities seen on MR images of the knee and clinical features was that between grade 2 and 3 (moderate and massive) joint effusion and knee pain or knee stiffness. In the literature, a controversy exists about the association between joint effusion and knee pain. Hill et al (4) found that moderate and severe effusions (grade 2 and 3) were substantially more common among patients with knee pain compared with those without who have OA of the knee. Link et al (8) reported no significant association between the presence or the amount of joint effusion and clinical features. They did, however, find a trend toward higher pain scores in patients with joint effusion. In some studies (4, 18, 19) , an explanation for the association between pain and joint effusion has been given in that the researchers suggested that capsular distention is the cause of knee pain.
No association was found between the number and grades of cartilaginous defects and clinical features. As anticipated, this lack of association conforms to data in the literature (8) because hyaline cartilage does not contain pain fibers, and, thus, cartilage cannot be the direct cause of pain in OA (1). In a study by Link et al (8) , most symptoms were found in patients with grade IIa (Ͻ50% loss of cartilage) cartilaginous lesions. They hypothesized that clinical symptoms are most substantial at the onset of OA, when cartilaginous defects occur. In that study, they found that when damage to cartilage progressed (grade 3 cartilaginous defects), a trend toward less pain and stiffness was shown, which may potentially be explained by the knee becoming more accustomed to the damage to the cartilage. These results could not be confirmed in the present study because no difference was found between grade 0 (no cartilaginous defects) and grade 2 (Ͼ50% loss of cartilage, full-thickness loss of cartilage) cartilaginous defects.
No association was found between meniscal tears in patients with OA and clinical features. This finding is supported by findings in other studies in which the researchers reported that patients with or without a meniscal tear did not have significantly different levels of pain and disability (8, 20) .
No association was found between the presence or grade of a Baker cyst and clinical features. This, too, has been reported, with popliteal cysts being as common in patients with knee pain as it is in those without (4) .
In our study, we examined a broad spectrum of structural abnormalities found on MR images of the knee and the association between them and clinical features in a large customized study population. The study population was customized because it was based on data from siblings, and not all patients included had OA of the knee. The fact that patients were related according to family may have introduced an artifact. A logistic regression analysis, however, with robust standard errors that clustered on pairs accounted for this. A limitation of the study was the lack of a reference standard, such as arthroscopy. MR images, however, have been successfully used to evaluate cartilage and noncartilaginous joint structures (21) (22) (23) (24) , with accuracy values for imaging of cartilage of more than 90% (25, 26) . Another limitation was that the recently improved imaging sequences for depiction of cartilage, such as steady-state free precession sequences, were not used (27) (28) (29) . Thus, the presence of small focal cartilaginous defects might have been underestimated. A further limitation was that some patients had OA of the hip and of the knee. Although referred pain from the hip may have been a confounder, OA of the hip occurred in only 14 (7%) of 205 patients. Last, we did not correct for the presence of intrasubstance degeneration of the meniscus when meniscal tears were associated with clinical features. Intrasubstance degeneration of the meniscus might be associated with knee pain (30) .
In conclusion, findings in this study indicated that there were only two associations between structural abnormalities found on MR images and clinical features in patients with OA of the knee. Moderate and massive joint effusion was associated with both knee pain and knee stiffness. The presence of a patellofemoral osteophyte and the presence of more than four osteophytes in the entire knee were associated with knee pain only. Focal or diffuse cartilaginous abnormalities, subchondral cysts, Transverse T2-weighted MR image (2500/40) shows moderate joint effusion (black arrow) associated with pain and stiffness of the knee. Note the presence of a Baker cyst (white arrow) and external markers (arrowheads).
bone marrow edema, subluxation of the meniscus, meniscal tears, or Baker cysts were not associated with pain and stiffness.
